Paediatric forearm fractures are generally treated nonoperatively by close reduction and casting. Recently there has been trend on intramedullary nailing of diaphyseal forearm fractures for unstable fracture pattern to impove clinical outcomes. In our study we evaluated the rate of fracture union, functional outcome and complications in forearm fractures of children and adolescents treated with titanium elastic intramedullary nails. All cases achieved union within 16 weeks and excellent functional outcome after surgical management without significant complications. Intramedullary nailing with Titanium elastic nails is a feasible and effective method of treatment for unstable diaphyseal fractures of forearm in children and adolescents.
Introduction
Fractures of the both bones forearm are very common orthopaedics injuries in the pediatric age group. Forearm fractures comprises 40% or more of paediatric fractures [1] . The mechanism of injury mostly involves a fall onto an outstretched hand. Majority of the fractures are usually treated conservatively with plaster casting. For displaced and unstable forearm fracture where closed reduction cannot be achieved, surgical intervention is indicated like rigid plate fixation and elastic intramedullary nails. Recently, however, there has been a trend towards increased surgical management of these fractures in an effort to improve clinical outcomes [2] . Elastic intramedullary nails were originally developed in the early 1980s by surgeons in Nancy, France [3, 4] . There has been an increased interest in determining which method provides superior results, but the optimal treatment remains controversial [5] . Forearm fracture fixation with flexible nails has gained popularity, with proponents arguing that nailing results in decreased surgical dissection and retention of biologic factors at the fracture site [6, 7] . Both titanium and stainless steel flexible nails are available. In the clinical setting, titanium (Ti 6A114V) is being used more often than stainless steel in most circumstances because of the elastic properties which allow for improved insertion and rotation while still providing adequate fracture stabilization [8] . All postoperative patients were reviewed for clinical outcome and radiographs over a 24-month period. Radiographs of the immediate post-operative period was compared with that of final follow-up. The union of fracture was assessed by callus formation and disappearance of fracture lines radiologically and absence of pain and tenderness clinically. Patients were followed up for a period of one year at regular intervals, once in every four weeks for the first three months after surgery, then once in six weeks for the next three months and then at the final follow up. Angular deformity was measured on antero-posterior and lateral radiograph. Range of movements of forearms was assesed and compared with the uninjured limb. Functional outcome was evaluated using Price et al. criteria [9] . 
Materials and Methods

Price et al. grading criteria
Operative technique
Under general anesthesia the affected limb is placed on a lateral table and a pneumatic tourniquet is positioned if open reduction is required. A 1-cm long longitudinal skin incision was made on the lateral side of the distal metaphysis of the radius. With a bradawl, a hole is drilled in the bone proximally to the metaphysis, first perpendicularly and then obliquely toward the elbow. Depending on the diameter of the bone, we choose a flexible titanium nail of appropriate size and the proximal end is bent 30 degrees. The nail is introduced proximally into the radius with bent side first and pushed, with a hammer if necessary, to the fracture site. The fracture is reduced by external manipulation, and the pin is advanced into proximal metaphysis. A similar incision is made over the posterior olecranon and a small entry hole is drilled and passed the nail across the fracture site distally. The outer tips of the nails is bent and cut 5 to 10 mm from the entry point (Fig 2 and 3) .The wound is closed with one or two stitches. The operated limb is kept elevated and active finger exercises encouraged as soon as the patient recovered from the anaesthesia. Stitches were removed on the 10th day and patients were discharged with plaster of paris (POP) slab continued for another 3 weeks. At 3 weeks after the operation POP slab was removed and mobilising exercises started. Implant removal was done after 3 months of the operative procedure when radiological evidence of osseous union seen.
Results
Radiograph analysis of preoperative and postoperative and final follow radiograph was performed. All cases achieved clinical and radiologic union after surgical management (Fig  4) . All fractures united by the 16 weeks (Fig 5) and there were no case of non-union, mal-union, wound infection or refracture. 26 (86.67%) patients regained full range of motion, 3 (10%) patients had mild restriction of movements and 1 (3%) patient had moderate restriction of movements. No patient were observed to have severe range of movement restriction (Fig 6) . Functional score according to Price et al, there were 24 excellent, and 6 good results. [10] assessed the results of intramedullary nailing in children who developed re-displacement during cast treatment of both-bone forearm fractures, and came to a conclusion that intramedullary fixation for correction losses during cast treatment of both-bone forearm fractures is a safe and inexpensive treatment, allowing early mobilization and providing excellent anatomic and functional results. Mohammed H et al. [11] conducted a retrospective review of 21 children with unstable forearm fractures treated with flexible intramedullary nail fixation. Intramedullary nail fixation of both bones was performed in 17 patients, radius in 3 cases, and ulna in one case. A limited open approach to one or both bones was necessary for insertion of the intramedullary nail in 12 cases. The two complications that occurred were delayed union and mild limitation of forearm motion. However, the functional outcome was excellent. It is recommended to use this technique for unstable pediatric forearm fractures instead of open reduction and plating. Shah AS et al. [12] conducted a retrospective comparative study on sixty-one skeletally immature adolescents (mean age, 13.9 years; range, 11.5-16.9 years) treated operatively for bothbone forearm fractures from 1997 to 2007, and concluded that, flexible IM nailing of both-bone forearm fractures in adolescents was safe and effective in their small series; had less complications when compared with conventional ORIF. Although flexible IM nailing results in distal translation of the radial bow, forearm rotation is not compromised. Alnaib M et al. [13] reported both-bones intramedullary nailing is a minimally invasive procedure that maintains alignment and promotes rapid bony healing. They reported their experience in treating these common injuries with radius only intramedullary nailing in 29 children. All fractures achieved clinical and radiological union at 6-8 weeks. Radius only intra medullary nailing is a sufficient and effective option in treating both bones paediatric forearm displaced unstable type AO 22-A3 fractures, with excellent functional outcome and union rates. Furlan D et al. [14] demonstrated the effectiveness of intramedullary fixation of displaced long bones shaft fractures in skeletally immature children using the elastic stable intramedullary nails, and concluded that, elastic stable intra-medullary nailing is the method of choice for pediatric patients, because it is minimally invasive and shows very good functional and cosmetic results. It allows an early functional and cast-free follow-up with a quick pain reduction. Salonen A et al. [15] conducted a retrospective study on 75 children, who were treated for antebrachium shaft fractures from January 2001 to December 2005, and concluded that, despite various minor complications, TENSnailing is considered a suitable treatment for unstable forearm shaft fractures. Wall L et al. [16] conducted a retrospective study on 32 patients (12-18 years of age) who had undergone intramedullary fixation of both forearm bones and reported Flexible intramedullary nailing of both bone forearm fractures provides reliable bony union and excellent postoperative clinical results in adolescents. Vopat ML et al. [17] stated severe comminution and bone loss should be considered as indications for plate fixation, while intramedullary nailing offers better cosmesis, and decreased soft tissue disruption. Haoqi Cai et al. [18] conducted a study on 52 children aged between 4-14 years and showed that the application of prebent elastic intramedullary nail is a good method to treat DRDMJF (distal radius diaphyseal metaphyseal junction fracture), with a satisfactory alignment, stable fixation, and less migration.Chen CE et al. [19] recommended that intramedullary nailing with TENS should be the treatment of choice for skeletally immature children with displaced forearm fracture requiring internal fixation. In a prospective analysis by Shivanna et al. [20] of diaphyseal forearm fractures in children treated with titanium elastic nails excellents results were reported in 96% without significant complications after a mean follow up of 20 period.
Conclusion
It can be concluded from this study, that intramedullary nailing with Titanium elastic nails is a feasible and effective method of treatment for unstable diaphyseal fractures of forearm in children and adolescents. It provides stable fixation, better cosmesis with excellent functional outcome over traditional plating methods.
